Background
Background
A key ability important in decision-making sports is defined as rapid reactions and actions aimed at external stimuli. Kendo (Japanese fencing) is an example of a decision-making sport. During a match, the kendo athlete controls a shinai (bamboo sword) and performs rapidly alternating defensive and offensive movements (e.g., Men or Kote). Unlike in fencing, kendo requires the athlete to hold the shinai in both hands; the palm of the left hand cradles the end of the tsuka (grip area) and the right hand grasps the upper area of the tsuka. To move the shinai rapidly, the kendo athlete takes advantage of coupling force using the elbow motion as the fulcrum of the right hand, which pushes the shinai toward the target, while the left hand pulls the shinai toward the body. As such, well-trained kendo athletes are likely to have not only rapid reactions but also neuromuscular control of the upper limbs that differentiates them from non-kendo athletes [1, 2] .
On the other hand, differences in athletic experiences occur in more than just objective skills. Electromyograph (EMG) recordings are used patterns of activity in various muscles. Muscle activation patterns (the amplitude or timing of muscle activity assessed by EMG) typically differ between experienced athletes and non-experienced athletes [3] [4] [5] . The central nervous system is affected by long-term motor training [6] . Experienced athletes show different patterns from non-experienced athletes because there is a close relation between muscle activity and central motor output [7] . Moreover, experienced athletes show altered muscle activation patterns depending on the use of different techniques [8] . Hatta et al. [9] reported that movement-related cortical potentials assessed by electroencephalographs differed between kendo athletes and non-kendo athletes. In kendo, which requires control of the right and left upper limbs, it appears that well-trained kendo athletes have different muscle activation patterns depending on the strike being used (e.g., Men or Kote). Conversely, non-kendo subjects may not show different muscle activation patterns with different strikes, as their neuromuscular control is less efficient than that of the kendo athlete. However, muscle activation patterns during different strikes by subjects with different athletic experience are unclear. In addition, although response time in a simple-finger extension task was similar for decisionmaking athletes regardless of whether they were kendo athletes [10] , it is not known if response times in a shinai strike performance task are also similar among decision-making athletes.
We focused on the elbow motion of the upper limbs during kendo strikes. The aim of this study was to investigate response time and muscle activation patterns during Men and Kote tasks based on a strike in the sagittal direction and compare results between kendo athletes, other athletes, and sedentary participants. We hypothesised that upper-limb muscle activation patterns between Men and Kote tasks would differ among kendo athletes and non-kendo subjects (other athletes and sedentary participants) even if the response time was similar between kendo athletes and other athletes.
Material and Methods

Subjects
We studied seven male athletes who actively participated in kendo (kendo group; mean age ±SD, 22 [11] . The kendo group consisted of experienced athletes who competed at a national level and had trained more than six times per week for at least the last 10 years. The nonkendo group consisted of subjects who had performed regular strength or power training exercises for at least the last 10 years, and were experienced in baseball, volleyball, tennis, or gymnastics. The sedentary group consisted of subjects who did not regularly participate in any physical or sports activities.
All subjects were healthy and asymptomatic, and provided written informed consent prior to enrolment, which was conducted according to the Declaration of Helsinki [12] . The Ethics Committee of the National Institute of Fitness and Sports in Kanoya, Japan approved this study.
Strike tasks
Subjects held a shinai (1.20 m long, 0.510 kg) in both hands, with the right hand placed higher than the left. They stood 1.0 m from a target that was placed at a height of either 1.65 m (Men strike task) or 1.15 m (Kote strike task). Before each trial, subjects were asked to attain right elbow joint flexion of 90° (at 0°, the elbow is considered to be completely extended), and then a warning signal was presented. After a random delay of between 2 and 6 seconds, a visual signal was presented by a red light-emitting diode set close to the target, at the eye level of the participant, and subjects were required to strike (i.e. Men or Kote) the target as quickly as possible in response to this visual cue ( Figure 1A ). Subjects performed between three and six practice trials of each task followed by 10 recorded trials.
Data acquisition
The angle of the right elbow was measured using a goniometer (Model-MLTS 700; Delsys, USA). The elbow angle was also monitored online and feedback was given to the participant to help them achieve 90° flexion prior to task initiation. The striking point was detected using an accelerometer (TA-513G; Nihon Kohden, Japan) built into the target. Muscle activities related to the shinai swing and holding with striking were quantified using EMG, recorded from the right (R) and left (L) biceps brachii (BB), triceps brachii (TB) muscles, and the right flexor carpi ulnaris (R-FCU) muscle using surface electrodes [13, 14] . After preparation of the skin (shaving, lightly abrading, and cleansing with 70%
, a single differential surface electrode configuration (1 cm intersensor distance, Model DE-2.1; Delsys, USA) was attached to the skin over the belly of each muscle using adhesive interfaces. The electrodes were orientated parallel to the presumed orientation of the muscle fibres [15] . A reference electrode was placed on the left epicondylus medialis humeri. The same investigator placed the electrodes in the same relative position on all participants. The EMG signal was band pass filtered (20-500 Hz), amplified (×1000), and digitized at 2 kHz using a 16-bit analogue-to-digital converter (PowerLab; AD Instruments, Japan). All data were recorded and stored on a personal computer for off-line analysis using Chart 6 software (AD Instruments, Japan).
Statistical analysis
The onset of muscle activity was identified from EMG signals using the methods described by Yotani et al. [16] The EMG signals were processed using full-wave rectification with a time constant of 5 ms, and baseline activity was determined from the 50-msec period prior to visual cue onset. The threshold was set at three SD above the mean of baseline activity. Muscle activity onset was defined as the first point at which the EMG exceeded this threshold for at least 12.5 ms (25 consecutive samples). If the muscle was determined to be active, we returned to the threshold (+3 SD) again and adopted a point of less than 1.5 SD to indicate the onset of response of EMG activity. After identification of all muscle activity onset points for each task, we quantitated response times and muscle activation times as follows:
Response times: Total task time (TTT) was defined as the time from the visual cue onset until the time of the strike. This was further split into pre-motor time (PMT, from visual cue onset to first muscle activity [17] ), motor time (MT, from first muscle activity to initiation of elbow joint movement), and action time (AT, from the initiation of elbow joint movement to time of strike [18] ) ( Figure 1B ).
Muscle activation patterns: Differences in muscle activity onset between the R-TB, L-BB, and R-BB before impact were calculated for the timing of muscle recruitment for the forward swing and braking of the shinai during each task. In addition, the magnitude of muscle activity (R-TB, L-TB and R-BB, L-BB) was also quantified as the average root mean square EMG magnitude (mean-RMS) from muscle activity onset until time of strike. For each subject, we calculated the mean of the 10 trials performed for each strike task, and used this to calculate the mean (±SD) of each strike task for each group. Data were compared across groups using one-way analysis of variance with three levels (kendo, non-kendo, and sedentary), followed by Tukey's post hoc tests where appropriate. Within each group, data were compared across strike tasks (Men and Kote) using Wilcoxon's signed rank sum test by a non-parametric analysis, and the effect size (h 2 ) was also reported. Differences were considered statistically significant at P<0.05.
results
Response times
For all groups, TTT and AT were shorter during the Men strike task than during the Kote strike task (kendo P<0. 05 (Figure 2A, B) 
Muscle activation patterns: timing of muscle activity onset
The kendo group exhibited different patterns tendency of muscle activity onset in the two strike tasks ( Figure 3A) , whereas the non-kendo and sedentary groups exhibited similar patterns tendency of muscle activation for these two tasks ( Figure 3B, C) . Figures 3 and 4 shows the timing of muscle recruitment for the forward swing (a) and braking (b) of the shinai in the impact phase during Men and Kote tasks. In the kendo group, the D time was significantly longer in the Kote task (54.6 ms) than in the Men task (30.3 ms; P<0.05, h 2 =0.87; Figure 3A ) and R-BB muscle activity onset was significantly later (45.9 ms vs. 29.8 ms; P<0.05, h 2 =0.91; Figure 4B ). However, in the non-kendo and sedentary groups, these timings were similar in both tasks (P=0.24-0.36, h 
Muscle activation patterns: magnitude of muscle activity
discussion
This study has two major findings. First, athletic groups (kendo and non-kendo) showed shorter response times than the sedentary group, with no significant differences between the kendo and non-kendo groups. Second, in terms of muscle activation patterns, the kendo group showed altered timing of the activity onset of muscles between different striking tasks, whereas the non-kendo and sedentary groups exhibited similar patterns between the different strike tasks. On the other hand, the magnitude of mean-RMS showed a trend opposite to the timing between the kendo and non-kendo or sedentary groups.
The limb motion to visual response typically occurs by a series of processing signals from the central nervous A B system to contraction of skeletal muscles through the motor nerves. Response times reflect the time required for these processing signals (nervous or muscular system) and are more phasic in simple than in choice reaction tasks [19, 20] . Daily physical training in sports that require rapid decision making shortens response times [10, 21] . The training effect is especially evident for the PMT in which the time proportion during the reaction task is quite high [16] . Our results showed that the athlete groups had a shortened PMT compared with the sedentary group regardless of kendo experience ( Figure  2 ). In addition, the Men and Kote tasks of this study might have been reflected in the TTT or AT as the difference in movement distance of the shinai in the sagittal direction, whereas no differences were observed in relative AT (TTT, 100%) between the Men and Kote tasks in each group. These results indicate that response times in this study depended on athletic experience but not kendo experience.
Our second finding demonstrated that muscle activation patterns showed a contrasting tendency between kendo-experienced and kendo-inexperienced groups. The kendo group altered the timing of muscle activity onset between the Men and Kote tasks, whereas the non-kendo and sedentary groups altered the magnitude of the mean-RMS between each task. We speculate that differences in patterns between each group indicate whether athletes have kendo experience or not [22] . Regulation of antagonistic and agonist muscle activity is important for quick extension movement of elbow joints [23] , and the antagonistic muscle activity during elbow extension undergoes an independent neuromuscular control from the agonist muscle activity [24] . Several authors have reported that physical exercise programs must be developed in the central nervous system before carrying out quick movements [25] [26] [27] , and that altering the timing or magnitude of muscle activity is one [28, 29] . Given these reports, it seems reasonable that the kendo group in this study altered the timing of muscle activity onset between Men and Kote tasks at different striking points (i.e., height). The kendo group might have altered the timing of R-BB muscle activity onset for braking, as well as the altered the D time for the forward swing between each task (Figure 4) . However, the magnitude of alteration of muscle activity between each task was observed in the kendo-inexperienced groups but not in the kendo-experienced group ( Figure 5) . Previous studies have shown that the magnitude of muscle activity is involved in acceleration control during ballistic movements [30, 31] . In the kendoinexperienced groups, in which timing of muscle activity onset was unaltered, alteration of the magnitude might have been a coping technique to perform the strike at the appropriate phase for each task.
A principal limitation of this study is that results focused on elbow motion of the upper limbs during the strike to determine the style for the downward move of the shinai. A strike with an up-and-down movement of the shinai for non-kendo experienced subjects is usually difficult and involves factors other than elbow motion (e.g., shoulder motion). The present measurement generalized the kendo experience level in all subjects. In addition, even though the present study included a small number of subjects, data collected in this study enhance the knowledge of differences arising with the level of physical fitness and choice of athletic activity.
conclusions EMG was used to assess response time and muscle activation patterns during Men and Kote tasks in a kendo group, a non-kendo group, and a sedentary group. We found that the response time for kendo group in two different simple-strike reaction tasks is not found within the non-kendo athletes, whereas the muscle activation patterns of the upper limbs for different tasks (i.e., Men and Kote) seemed to differ between the kendo group and kendo-inexperienced groups (non-kendo or sedentary). In decision-making sports, differences in neuromuscular control, but not in response times, are associated with athletic experience. highlights In a simple reaction task using a kendo strike, the athletes showed a shortened response time compared with sedentary participants regardless of kendo experience. In contrast, a difference was seen between kendo athletes and non-kendo subjects in muscle activation patterns during strikes.
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